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In addition to its uses in choriocarcinoma and leukaemia, methotrexate (aminomethylpteroyl glutamic acid) has been used by close arterial infusion in the treatment of liver cancer (Geddes & Falkson, 1970) . Liposomes (phospholipid vesicles) injected intravenously into rats have been shown to be localized mainly in the liver; the use of liposomes as carriers for methotrexate was therefore investigated.
Methotrexate was entrapped in liposomes composed of egg phosphatidylcholine, cholesterol and dicetyl phosphate (molar proportions 5 : 5 : 1) and therefore having net negative charge; a pharmaceutical preparation of methotrexate sodium (Lederle Laboratories, Pearl River, N.Y., U S A . ) was used. Entrapped and nonentrapped drug were separated by methods similar to those previously described for the entrapment of proteins (Gregoriadis & Ryman, 1972) . At a final lipid concentration of 100mg/ml an entrapment of 18 % of the methotrexate was obtained. There was no significant leakage of the drug out of the liposomes over a period of several days.
Male Wistar rats (100-125g) were injected in the tail vein with 1 ml of a solution containing 1 mg of methotrexate/ml (including 0.25jiCi of [3H]methotrexate) either in free solution or entrapped in liposomes (4mg of lipids/ml). Animals were killed at intervals after injection and the tissues assayed for radioactivity. The entrapment of methotrexate in liposomes markedly decreased the rate of clearance of the drug from the blood (Table  l) , but the concentrations in both liver and spleen were increased, that in spleen by two orders of magnitude. The concentration of drug in the kidney after 30min was much lower when the drug was entrapped in liposomes than when it was free. This is the result of the rapid excretion of free drug into the tubules of the kidney, and the appearance of a large amount of the drug in the urine. After longer time-intervals the effect of entrapment was to produce a slightly higher concentration of methotrexate in the kidney than when the drug was in the free form. These results are similar to those previously reported for actinomycin D and penicillin (Gregoriadis, 1973). The kidney is not the only site of elimination of the drug from the body. Much is excreted via the intestine. Though the concentration in the intestinal wall 3Omin after administration of free drug was 0.5 % of the injected dose per g of tissue, the concentration in the small intestine, including intestinal contents, was 5 %/g.
The concentrations of methotrexate in other tissues (lung, heart, brain, muscle) were low and were not markedly increased by the administration of the drug in liposomes.
The rapid removal of the free drug from the body suggested that it might be possible to simplify the preparation of the material for injection. After suspension of the lipids in the methotrexate solution and subsequent sonication, the suspension was injected into the animals without previously being passed down a gel-filtration column to remove nonentrapped methotrexate. As in the previous experiment the liposomes produced a decrease in the rate of disappearance of methotrexate from the blood ( Table 2 ) though as only 18 % of the methotrexate was inside the liposomes, this effect was not as marked as when all the drug was entrapped. The presence of liposomes also produced a small increase in the concentration of methotrexate in the liver, but a marked enhancement of uptake was seen only in the spleen ( Table 2) .
Although the concentration of methotrexate in the spleen is higher than that in the liver, the much greater size of the liver (approx. 5g as opposed to 0.4g for spleen) results in the total amount of methotrexate in the liver being as great as or greater than that in the spleen; 1 h after injection of mixed free and entrapped methotrexate, 6.8 % of the amount injected was in the liver, and 4 %was in the spleen. A considerable proportion of the free methotrexate (3.2% after 1 h) was taken up by the liver, presumably for metabolization and detoxication.
The administration of methotrexate as a mixture of free and liposomally entrapped drug, in negatively charged liposomes therefore has only small effects on the concentration of the drug in most tissues, but produces a marked enhancement of uptake into the spleen and some increase in concentration in the liver.
It may be possible to alter the distribution of liposomes in the body by alteration of their lipid composition. When the dicetyl phosphate in the lipid mixture was replaced by an equimolar amount of stearylamine, resulting in positively charged liposomes, a greater proportion of the liposomes was taken up into the liver and spleen; after 1 h a total of 55 % of the injected positive liposomes were in the liver (40%) and spleen (15 %) whereas only 41 % of negative liposomes had been taken up by these tissues (liver, 25 %, spleen, 16%). In addition, liposomes bearing no net charge appear to be preferentially taken up by the spleen; after 1 h 38 % of neutral liposomes were found in the spleen compared with 16% of negative liposomes. It therefore seems likely that further investigation of the effects of lipid composition on uptake may lead to liposomes which are taken up more efficiently and which can be, at least to some extent, directed to target tissues, thus making possible selective target delivery of drugs and enzymes.
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The Cellular Distribution of Liposomes in the Liver of Newborn Rats
Th. de BARSY,* P. DEVOS and F. VAN The ultrastructural study of the liver of newborn rats suggests the participation of lysosoma1 a-glucosidase in the postnatal degradation of liver glycogen (Phillips et al., 1967; Kotoulas &Phillips, 1971 ). This work is an attempt to interfere in this process by inhibiting the acid a-glucosidase with specific antibodies entrapped in liposomes. Antibodies directed against rat acid a-glucosidase and labelled with fluorescein were obtained as described by de Barsy et al. (1972) . Liposomes were prepared as described by Gregoriadis et af. (1971) , except for the lipid composition and for the fact that they were isolated by centrifugation. As much as 30-50 % of the labelled immunoglobulins were incorporated into liposomes composed of lecithin, cholesterol and stearylamine in a molar ratio of 7:2:1. A sample (0.1ml) of this liposome suspension was administered through the umbilical cord vein to newborn rats, and the fate of liposomes as well as that of labelled proteins were followed in the liver. Half of the injected proteins was present in the liver 7 and 12h after the injection. The inhibition of the acid a-glucosidase never exceeded 40% and glycogen content was not significantly different from that of the controls. Elmtron-microscopic studies showed that 7 h after the injection, the Kupffer cells were heavily swollen by large vacuoles, containing electron-lucent spaces, lipid debris and more rarely multilamellar structures. In contrast, the modifications of parenchymal cells were discrete. The general appearance of these cells was normal, except for the presence of multilamellar concentric structures in the lysosomal apparatus. These structures are considered as almost intact liposomes. 
